The broad autism phenotype (BAP) is a milder manifestation of the defining symptoms of the syndrome in individuals without autism. This study conducted a systematic review of studies about behavioral characteristics of interpersonal relationships, communication and rigidity, as well as about three cognitive models, Theory of Mind, central coherence and executive function, in parents of individuals with autism. The indexed databases were LILACS, IBECS, Web of Science, and MEDLINE, and the studies retrieved were published between 1991 and March 2012. Parents of individuals with autism have more difficulties in interpersonal relationships and in pragmatic language use and have more rigidity traits. The inclusions of the cognitive theories in the group of BAP characteristics were inconclusive. Keywords: Autism-spectrum disorder, phenotype, endophenotypes, parents.
Introduction
Childhood autism is a behavioral syndrome characterized by a triad of symptoms: deficits in social interactions, deficits in verbal and non-verbal communication and inflexible, restricted and stereotyped behaviors and interests. 1 The intensity of these symptoms may vary from mild, in which individual have a high intellectual potential, to severe, in which there is mental retardation and lack of speech.
2 intensity that is very mild and does not characterize the disorder. 4, 5 These mild expressions in individuals without the syndrome have been named the broad autism phenotype (BAP). 6 The prevalence of the BAP in families ranges from 12 to 30%, [6] [7] [8] [9] and male parents have more BAP characteristics than mothers.
7,10,11
The importance of studying phenotypes and endophenotypes of psychiatric syndromes has been highlighted in the literature. These characteristics may be useful in the identification of the genes that confer vulnerability to these disorders. 12 Additionally, studies about the BAP of parents may contribute to the definition of diagnostic criteria, may refine the understanding of some symptoms when subdomains are detected in each factor, and may contribute to the definition of treatments. Moreover, parents may also benefit from some interventions.
Although the term is BAP, this concept also includes the possible endophenotype of the syndrome. Phenotypes are the observable characteristics or behaviors that result from gene expression, environmental influences and the interaction between both, 12 and which correspond to the triad of core symptoms in the case of autism.
Endophenotypes, in contrast, are manifestations of the genotype without the influence of the environment. They are subclinical inherited markers of the disease that may be neurophysiological, biochemical, endocrinological, neuroanatomic or cognitive. They involve fewer genes than those in the disorder itself, and are expressed in the person that has the gene even when the syndrome is not manifest. They are hereditary and more often found in the parents of patients with the disorder than in the general population. 13 In autism, there is a cognitive abnormality (endophenotype) associated with behaviors for each behavioral symptom (phenotype). The models of cognitive deficits, possibly responsible for dysfunctional behaviors, are: Theory of Mind (ToM) deficit, weak central coherence and impaired executive functions. 14 These three theories are complementary, and each explains some core features of the disorder better than others. 15 This study reviewed studies that investigated the behavioral characteristics of the triad of core symptoms, as well as the three main cognitive theories studies that evaluated only parents of individuals with pervasive developmental disorders other than autism; f) studies that evaluated the BAP using only personality traits of parents; g) studies that evaluated the BAP only according to presence of other psychiatric disorders in parents; h) opinion papers; i) studies that used non-standardized instruments; j) studies that did not include a control group.
Behavioral characteristics in the triad of core symptoms
We reviewed what instruments were used to evaluate behavioral characteristics. Those that evaluated the BAP globally, that is, that included the three core domains of the syndrome, are shown in Table 2 . In the 35 studies reviewed, only four instruments were used to evaluate the triad of core symptoms in parents: the Family History
Interview (FHI), 17 the Autism Spectrum Quotient (AQ), 18 the Broader Phenotype Autism Symptom Scale (BPASS), 19 and the Broad Autism Phenotype Questionnaire (BAPQ). 8 FHI was the first instrument used for this purpose and was the most frequently used in studies up to 2000.
Today, the questionnaire most often used in the AQ.
Other instruments also evaluate isolated behavioral characteristics, and of the three domains, language is the one evaluated in most instruments.
The selected studies about behavioral characteristics of parents of individuals with autism are listed in Table 3 .
Changes in social interaction
Seven articles evaluated social relationships of parents of individuals with autism. 7, 8, 11, 20, 24, 26, 28 None of these studies evaluated only this domain, and social interaction was evaluated together with other behavioral characteristics. Moreover, social difficulties were approached according to different dimensions, and each study had a specific observation focus of the social functioning of parents of individuals with autism.
Some studies evaluated the interest of parents in social interactions, 8 and others evaluated social skills.
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Results demonstrated that some individuals prefer not to interact and are aloof, 8 whereas others do want to interact, but are not able to do it satisfactorily.
Losh et al. 28 found that 23% of the parents of multipleincidence autism families do not have friends, in contrast with 11% of parents of single-incidence autism families
According to the inclusion and exclusion criteria, the abstracts of all eligible studies were read by two independent examiners (LC and WC). Divergent opinions were discussed by the two until a consensus was reached.
After the studies had been selected, their complete texts were read. Data about all studies were organized in tables for the analysis of objectives and hypothesis, methods, including the description of the sample and the instruments used, and, finally, results and conclusions.
Therefore, the main ideas expressed in each study, as well as convergent and divergent findings, were analyzed qualitatively and descriptively, and data were interpreted and analyzed. Secondary references found in the studies retrieved from the databases were also used.
Results
A total of 417 studies were retrieved: 368 were not included due to exclusion criteria or were not about the topic under study. 
Restricted interests and repetitive and stereotyped behavior
Of the three core symptoms of autism, this is the one with the smallest number of studies that evaluated parents. Only five studies were retrieved. 6, 8, 20, 24, 28 Moreover, this domain has only one category, divided into different characteristics: intense restricted interests; adherence to routines and rituals; stereotyped and repetitive motor mannerisms; and persistent preoccupation with parts of objects. 1 Although it is a single category, the behaviors described here are substantially heterogeneous, but the main studies using questionnaires to detect BAP characteristics in parents have not defined this subdomain classification.
In the studies conducted by Piven et al., 6 Hurley et al., has been confirmed in some studies. 6, 8 In the study conducted by Bernier et al. 24 only parents of multipleincidence autism families had characteristics of rigidity. Losh et al., 28 however, found that parents of multipleincidence autism families had more characteristics of rigidity than parents that had only one child with autism, who, in turn, had more autism traits than parents in the control group.
Cognitive models
Eighteen studies evaluated central coherence, executive functions and ToM in groups of parents of individuals with autism, and most included more than one cognitive model. Table 4 describes these studies.
and 3% of parents of children with Down syndrome.
High rates of social difficulty in multiple-incidence autism families were also found in the studies conducted by
Bernier et al. 24 and Piven et al. 6, 20 Abnormalities associated with structural language have also been evaluated in groups of parents.
Whitehouse et al. 23 evaluated language deficits and found that parents of children with autism and parents of typically-developing children had similar performances, and that both groups had a better performance than that of parents of children with specific language impairments (SLI). Therefore, the difficulties associated with structural language are not found in the BAP of parents. This finding has been confirmed by the studies conducted by Bishop et al., 32 Whitehouse et al., 31 and
Lindgren et al. 30 However, other studies have found phonological processing deficits among parents of individuals with autism, which supports the hypothesis that these deficits are part of the BAP. 29 The analysis of reading and writing acquisition revealed that the difficulties of some parents of children with autism seem to be associated with an abnormal development of language rather than with autism. Parents of individuals with autism were less capable of discriminating subtle differences between faces and had more difficulties in identifying expressions of fear and disgust than typically-developing individuals 
Central coherence
The theory that individuals with autism have a weak central coherence, developed by Frith in 1989, 49 suggests that most people that do not have autismspectrum disorder have a natural and spontaneous tendency to integrate details into a global entity and to process information received according to its context, observing and recalling more of the general picture than of the details. In contrast, people with autism-spectrum disorder seem to have a deficit in local processing and often miss the general meaning. However, different from other cognitive theories, the theory of a weak central coherence does not define deficits; rather, it claims that strong and weak central coherence have advantages and disadvantages and are merely different cognitive styles. 50 Initially, this theory attempted to explain all the core symptoms of autism. However, after several studies that allow individuals to direct their behavior to goals, to monitor efficiency and adequacy of these behaviors, to drop inefficient strategies and, therefore, to solve immediate, medium-term and long-term problems.
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Individuals with autism have deficits in these cognitive skills, which may be responsible for a high level of rigidity and perseveration, 53 Eight studies evaluated ToM in parents of individuals with autism. 16, 37, 40, 43, 44, [46] [47] [48] In the analysis of decoding tasks, parents of individuals with autism had more difficulties in reasoning the emotions of others' than parents in the control group in the studies conducted by Palermo et al. 40 (sadness and disgust), Wallace et al. 47 (fear and disgust)
and Neves et al. 48 (fear, anger and happiness). However, results were similar to those found for the control groups in the studies conducted by Gokcen et al. 44 46 also did not find any differences in visual skills between groups of parents, but difference were detected in verbal skills.
Executive functions
Executive functions are a set of integrated skills
The analysis of the cognitive models of autism in the literature revealed that there is a cognitive abnormality associated with each behavioral symptom and responsible for it. 15 According to some hypotheses, ToM deficits may be associated with social deficits and deficits in communication
36
; the deficits in executive functions may be associated with the high level of rigidity and perseveration
53
; and weak central coherence may be associated with communication difficulties 51 and visual and spatial differences. 50 However, as these models are not universally adopted in autism, they are also not expected to be in the BAP. All three theories were investigated in studies that supported or refuted their inclusion in the group of BAP characteristics, and the results are, therefore, inconclusive.
Cognitive abnormalities, as well as behavioral symptoms, are also substantially heterogeneous and divided into subdomains. Therefore, an individual may have deficits in one area, but not in another.
ToM involves the ability to decode and understand mental states, whereas executive functions make up a spectrum of competences, such as the capacity of organization, planning and working memory, among others. Central coherence may also be divided, as it includes both visual and verbal skills. Therefore, when a deficit in a construct is said to be part, or not, of a group of BAP characteristics, the subdomain to which it refers should be specified. One of the limitations of this review was the exclusion of studies that evaluated the BAP only in siblings. As the literature about it is extensive, it would not be possible to analyze the major traits in both groups and report parents of individuals with autism performed worse than the control group in the study conducted by Di Michele et al. 16 and Gokcen et al. 44 The instruments used in the evaluations were not the same.
Some studies evaluated parents of individuals with autism using behavioral and cognitive measures.
Parents that had abnormal results in a behavioral domain (social interest) had a poorer performance in the ToM tests than parents of individuals with autism who had abnormal results in other behavioral domains, such as rigidity and language pragmatics, and parents of typically-developing children.
43,46

Discussion
This review investigated what traits may be part However, the analysis of subdomains reveals differences of opinion between authors, particularly in the inclusion of abnormal language structure use as part of the BAP.
Although they all belong to the same domain, 
